Lettuce chlorosis virus-SP (LCV-SP) (family Closteroviridae, genus Crinivirus), is a 19 new strain of LCV which is able to infect green bean plants and incapable of infecting 20 lettuce crops. In the present study, high throughput and Sanger sequencing of RNA 21 was used to obtain the LCV-SP full-length sequence. The LCV-SP genome comprises 22 8825 nt and 8672 nt equivalent with RNA1 and RNA2 respectively. RNA1 of LCV-SP 23 contains four ORFs, the proteins encoded by the ORF1a and ORF1b are closely related 24 to LCV RNA1 from California (FJ380118) whereas the 3´ end encodes proteins which 25 share high amino acid sequence identity with RNA1 of BnYDV (EU191904). The 26 genomic sequence of RNA2 consists of 8 ORFs, instead of 10 ORFs contained in LCV-27 California isolate. The distribution of vsiRNA (virus-derived small interfering RNA) along 28 the LCV-SP genome suggested the presence of subgenomic RNAs corresponding with 29 HSP70, P6.4 and P60. Results of the analysis using RDP4 and Simplot programs are the 30 proof of the evidence that LCV-SP is the first recombinant of the family Closteroviridae 31 by crossover recombination of intact ORFs, being the LCV RNA1 (FJ380118) and BnYDV 32 RNA1 (EU191904) the origin of the new LCV strain. Genetic diversity values of virus 33 isolates in the recombinant region obtained after sampling LCV-SP infected green bean 34 between 2011 and 2017 might suggest that the recombinant virus event occurred in 35 the area before this period. The presence of LCV-SP shows the role of recombination 36 as a driving force of evolution within the genus Crinivirus, a globally distributed, 37 emergent genus. 38 39 Introduction 3 40 Lettuce chlorosis virus (LCV) belongs to the genus Crinivirus, family 41 Closteroviridae. Viruses included in this family are the largest among the known plant 42 viruses and present ssRNA, positive-sense genome [1]. Family Closteroviridae has been 43 classified in three genera based on vector transmission and phylogenetic relationships: 44 Closterovirus, Ampelovirus, and Crinivirus. Recently, a new genus named Velarivirus 45 has been proposed [2]. All members of genus Crinivirus include segmented genomes, 46 are whitefly-transmitted and limited to the phloem [3]. 47 Many members of genus Crinivirus are considered emerging epidemics worldwide [4]. 48 LCV was described in the 1990´s in California, transmitted by the whitefly Bemisia 49 tabaci and affecting lettuce and sugar beet crops [5]. The complete sequence and the 50 genomic organization of LCV were described in 2009 by [6] and comprises a bipartite 51 genome formed by RNA1 and RNA2. LCV RNA1 contains the replication module (ORFs 52 1a and 1b), which encodes conserved domains of a papain-like leader proteinase (P-53 PRo), a methyltransferase (MTR), helicase (HEL) and RNA-dependent RNA polymerase 54 (RdRp), ORF2 encodes a putative 8-kDa protein (P8), and ORF3 encodes a 22.9-kDa 55 protein (P23) recently described as viral suppressor of RNA silencing [7]. LCV RNA2 56 contains the hallmark Closterovirus gene array coding for a heat shock protein 57 homolog (Hsp70h, ORF3), a 50-60 kDa protein (ORF5), the major (CP, ORF7) and the 58 minor coat protein (CPm, ORF 8) [1,8]. Furthermore, P5.6, P6, P6.4, P9, P27, and P4.8 59 are encoded by ORF1, ORF2, ORF4, ORF6, ORF9 and ORF10, respectively; the functions 60 of these putative proteins remain unknown [6]. 61 LCV share high homology with Cucurbit chlorotic yellow virus (CCYV) and with 62 Bean yellow disorder virus (BnYDV), [9,6], this last one, was recognized as the first 4 63 Crinivirus that infects Leguminosae family crops [10]. LCV was considered as an 64 endemic infection which had not spread to areas outside Southwestern USA [4]. In 65 2014 however, symptoms similar to BnYDV in green bean crops were attributed to a 66 new strain of LCV, LCV-SP, which was unable to infect lettuce plants and capable of 67 affecting green bean crops [11]. 68 Viral RNA-RNA recombination and/or reassortment of genomic segments 69 (pseudo-recombination), between virus strains or virus species, increase the genetic 70 variability and is a powerful tool in virus evolution, responsible for the emergence of 71 new viral strains or species [12]. RNA recombination can also be used to repair viral 72 genomes which will contribute to the fitness of viral populations. The low frequency of 73 its detection is probably the result of selection pressure that removes the majority of 74 recombinants [13]. The first evidence of genetic recombination was described in 75 Bromo mosaic virus [14] and it seems to be specially frequent among species belonging 76 to the family Potyviridae where crossovers have been described at ORFs and 3´UTR 77 sequences [15-17,13]. 78 Within family Closteroviridae homologous recombination has been described at 79 CP and P20 in the Closterovirus member Citrus tristeza virus (CTV) [18,19] and at CP of 80 the Ampeloviruses Grapevine leafroll-associated virus 3 (GLRaV-3) and GLRaV-11 81 [19,20]. Although Closterovirus members share a core of conserved genes, they 82 present high variability in the set of ORFs located in the 3´end of RNA or in the 3´end of 83 RNA 1 if the genome is bipartite, as is the case of genus Crinivirus [1,21]. The presence 84 of mechanisms capable of increasing genetic variability such as genome recombination 5 85 may have important evolutionary implications because some of these proteins have 86 been characterized as RNA-suppressing proteins (RSS)[22-25,7]. 87 In this study we describe a recombinant Crinivirus, LCV-SP, originating from a crossover 88 of intact ORFs and analyse a population of isolates collected in the area. Sequencing 89 was achieved by combining primer walking strategy and high-throughput sequencing. 90 The implications in emergence of Crinivirus epidemiology are discussed. 91 92 Material and methods 93 Virus isolate 94 95 Between 2011 and 2017 samples of green bean leaves showing symptoms that 96 could be attributed to LCV-SP (interveinal mottling and yellowing in lower and middle 97 leaves [11]) were collected from different geographical locations from Granada, 98 Almeria and Málaga provinces in Southeastern Spain. The plants were analysed by RT-99 PCR to ensure the presence of LCV-SP [11] and stored at -80ºC for subsequent 100 molecular analysis. One of these isolates collected in 2013 and annotated as "Almeria" 101 was used for complete genome determination. 102 Whole-genome sequencing of LCV-SP and genome analysis 103 Total RNA from LCV-SP isolate "Almeria" was extracted with Trizol Reagent 104 (Invitrogen) according to the manufacturer's instructions. Partial length viral sequence 105 of RNA1 and RNA2 of LCV genome was determined by RT-PCR using a primer walking 106 strategy with a set of degenerated primers based on LCV (FJ380118, FJ380119) and
Genetic diversity in the recombinant genomic region
The crossover recombination event was confirmed in several isolates by RT- 362 When the analysis was performed for LCV-SP RNA1, a point of recombination was 363 detected in the same genomic area described by RDP4 ( Fig 6) . This result supports the 364 evidence that LCV RNA1 (FJ380118) and BnYDV RNA1 (EU191904) are the origin of the 365 LCV-SP RNA1 genome. The recombination events 2 and 4 however, were not 366 recognized by the Simplot package. Bootscan analysis using CCYV RNA2 as query (Fig 7) 367 suggested a recombination point at 3´UTR as is described in RDP4 ( Fig 5) but not in the 368 5´UTR region ( Fig 6) . 
